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._PURPOSE OF THE REPORT

We have examined here two problems concerning the METEOSAT project.

The present report.is thus divided into two relatively distinct parts:
Chapter I. -

Study. of nominal values of orbtial parameters as functions of the

:requirements for restoration of the image supplied by the satellite.

Chapter II.

sources of error on restoration of the geographic position of ‘the satellite.

{
;



ORBITAL PARAMETERS AND LOCALIZATION OF "METEOSAT"

F. Nouel

ABSTRACT: The factors influencing the trajec~
tory control of the 24 hour French Earth satellite
METEQSAT are described. Computer simulation of the
drift in position and orbit determination were made.
It was found that the longitude is more poorly et
determined than either the latitude or radial
distance.

CHAPTER I [2%
ORBITAL PARAMETERS

I. Introduction

A This is a reply to note LB/GD/0.307/CB/MI of 16 June 1970, which raises a
" 'number of problems about the orbit of METEOSAT. This report is based principally
on a CNES report by J. C. Blaive (JCB/GD/9.157), titled,."Maintenance of the

;Position of a 24~hour Equitorial Satellite'. "

II. Outline and Consideration of the Problem
‘ 1]

L 3

1.1. Restoration of the image supplied by a sagellité involves constraints
on the limits of the displacement of the satellite during a time At; it must
C L% '
- remain in acube P determined by a limit in longitude AX , a limit in latitude

Ap , and a limit in geocéntricity Ar.

% Numbers in the margin indicate the pagination of the original foreign text.

* Translators‘Note:'“Litgfally "paving s;pne"J



Several cubes must be considered, depending on the mode of restoration

chosen.

We consider the. following f‘d;‘xbes P, .and their corresponding limits:
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1.2. The apparent movement of the satellite is' the syperposition of:
1), diurnal movement about a mean point;.
2) drifting of this point.
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The mean point is defined as being the position which the satellite would

occupy if the inclination and the eccentricity were

i

were rigorously 24 hours.

a) Diurnal Motion

To describe the diurnal movement, we shall use

system Ox y z:

0 is the mean point of the satellite;
Ox is tangent to the orbit;

Oy is orthogonal to the orbital plane;

0z passes through the center of
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the Earth,

zero, and if the period
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The coordinates of the satellite in this system are_given‘hy:/i

1
- L4t R e
2 v e sin nt < f»x'

v sin (w + nt)

‘a (&-ecos E)

(
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. where

r is the radius vector from the center of the Earth to the satellite;
h is the mean motion;
'w is the argument of the perigee;
a 1is the semimajor axis =-- in- fact, the radius of the circular orbit of
the mean point;
E is the eccentric anomaly given by Kepler's equation E - e sin E = nt.

As a consequence: v

X represents motion in longitude; -
represents motion in latitude; P

z represents geocentric motion.

The times Ati lie between several seconds and several hours, so it can be
seen that the limits on the displacements must be considered: first of all,

the diurnal motion.

.Taking a = 42 160 km, we have tabulated the three coordinates of the
satellite over a period of eight hours, in steps of Ati. The cube limits

" allow us then to accept or reject the values of e, i, and w chosen, As a matter

-of fact, we have taken only three values for w: 0°, 45°, and 90°.

- ‘ &
It can be seen that: -

’

. '

1. Cubes Pl and Pz, which refer to displacements of the satellite while

:a single image is being taken, are more restrictive than cubes P3 and- P4, whlch

A}

relate to five successive images.:
4 .

¢

2. Restrlctlons in 1ongitude and latitude are preponderant. Geocentric

dlsplacement has never impdsed any restriction on the eccentricity durlng the

"u,runs of this program.



.

Ecceﬁtricity is conditioned by the longitude, while the latitude affects

. the inclination and the argument of the perigee, as could be expected.

For w = 45°, /5
But in reality, the argument of the

3. The form of the ellipse in the Oxy plane depends on w.
the limit on i is the least restrictive.
perigee w will vary continuously,so that the limits are chosen as functions

of the most unfavorable value of w.

5
1 and P2

require an eccentricity of the order of 3 x 10
4 x 10-'5 and an inclination of the order of 6 x 10_3

and
to 8 x 10-3 guch.

with a time Ati’ or’éubes Pir

4, Cubes P
degree.

values have .led us to take either cubes 10 Pi

with times 10-' At; or 1077 ac,. ;

Furthermore, comparison among the first results obtained seems to show that
the requirements on e and i are proportional to multiples of the dimensions

of the c@bes Pi’ or inversely proportional to multiples of the times Ati.

g. Principal results.

TABLE 1
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TABLE 1. Cont.

CUBE UPPER LIMIT TO e UPPER LIMIT TO i
o - IN DEGREES . y
P - ¥ ) . s =
P, 10 'at 3.10~% 4,102 ,
1 -1 - 1 : EV. -2
P, 10 'at : 5410 5.10
3 3 o
P, 10'2¢3t1'_* R T T AT B 0.4 S
-2 . coL ,( -3 gy . ;
At o o ooty EECAE TR . e :
P, 10 3| 5.10 | 0.5 A

»

In this‘table, thellimits to e an& i are determined by starting with
a displacement in longitude dX and a displacement in latitude du . 1In the -
«definition of the qubés‘Pi in the note cited in reference, the bounds of the
pubes Pi are i_dli and‘ildli; it is thus necessary to multiply the results by

two. This has been taken into consideration in the conclusion.

b) Drift of the Mean Point.

Perturbing effects on the moon and sun, anomalies in terrestrial potential,
and radiation pressure cause drift in the motion of the mean point. As the 1
terrestrial potential predominates in the longitude, we shall study this case -

‘somewhat later. v .
’ -

A

[

Table 2 shows the effects of the otﬁer.twb causes.
) . \ ' . '
It can be determined that thediurnal drifting of the<orbital parameters
does not impose any restrictions on these. It is not the same for the drift

“in longitude due to the terrestrial potential,(aﬁout which we shall now speak.

The apparent movemeﬁt‘of tﬁe mean point depends on the difference AMn
. between the mean motion of the satellite and the rotation of the Earth. If.

da

1 represents: the displacement of the satellite in its diurnal motion about the

'



mean point, and if di, is the displacement of this latter, there results a
+ variation of dx; + d),.

Studies have shown that dAz can

be distinctly larger than the limit ‘

% v///,r?"__"‘\\fk§? Jdd _+}  -dx fixed by a cube. We must thus
Co 9 > z introduce a restriction on An,
L |
S e |
i

ddy since it does not seem reasonable to

carry out trajectory corrections

- during the time a picture is befng

t aken .

In the note cited above, there are curves giving the drift in longitude as"
-a function of longitude for comstant An.

1 ‘“1}'. The limit /8
© d\ requires a drift less than 0.275 degrees per day, which yields the follow-

As an example, we have taken the conditions {10?

. ding (An expressed in degrees per day, and da =--§- ,-E:— dn-):
. (A=o0° .42(4n<05 ] so:.t 336km<or <40km
| For "44=10° ! 0.40<An<0.5 soit 32 km or < 40 kn

=20 °" D‘,34<An<044v soit 27 xmor (35 km

A

It is seen that the accuracy -of the semimajor axis da is a function of the
E.lo_ngitude‘ A+ The curves do not allow results td be given for all cases

o , %j.maginable, so we have made an approximate calculation, ._which nevertheless
' gives arepresentativelorder of magnitude. '

.

. For the cube' " s ; P, dam2.2 km
% P3 o '\‘209 kmy
RR - idaz 5.4*‘;;::5,;
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Perturbation On 1 On e On A
Secular "Secular " ‘Secular
Lunar 2.6 x 107> °/day | 2 x 1072 efyear | 7 x 107> °/day
- Periodic Periodic ‘Periodic .
Solar Negligible "Moon : ‘Moon:
amplitude 10 2e | amplitude 6.6 x 10
period 14 days | period 14 days -
' (i.e., 0.9 x 1072 °/day)
Sun: Sun:
amplitude 1.3 x amplitude 6.6 x 10_4
10~2e
period 180 days period 180 days
(i.e., 3.7 x 10-6
°/day)
mitaclon |ygsxite | awlisy | Semlar
°/day 3 x 10 ' radian/year
o period 1 year (i.e., 1.72 x 107
SN :‘", O/day
: ) Periodic,

JAmplitude 2 x lO‘Ze

Period 1 year




III. Simulation of the Motion

1. A flrst simulation was made over a period of one: and one~half days.

The orbital parameters were:

a= 42 162 km ;

e = 0.2 1073~
“i=04101§ - |

W =45 ° . { with the coefficient S/M = 0.235 m/kg
f=0 .
H=0 o

Curves showing the variations of a, e, and i have been traced for this

time period (Figures 1, 2, and 3).

o It can be seen, foirexample, that the parameters remain within the limits
# . fixed by the conditions :{101’1, At1' } .

2. With identical parameters, except for € = 218.497° and M = 315°,
we have simulated the motion of the satellite during a period of one month.

- In this case S/M = 0.1 m /kg.

With these pafemetere, the apparent motion is not the ellipse asgumed
iin the prece&ing calcﬁlafions. However,. it has been determined that drifts in /9
e . and i1 during a period of at least 16 days do not fall outside the region
 allowed by the condition {10?1,At } . . . O

L} -+

Figures 4 and 5 shdw*the variations of e and of i, respectively, with
115 days elapsed between the two curves of each’ Figure. Figures 6 andf7,shOW‘ »
: _ !
the variations of e, i, and a during this 15-day period.: Figure 8 describes ;;y*

the apparent motion withgthe chosen orbital parameters.“»;
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g

5; difficult to maintain an eccentricity less than 10

Iv.

Gonelusion

A number Qf results are col}écted in Table 3:

TABLE 3

DISPLACEMEﬁ% IN LONGITUDE DISPLACEMENT IN LATITUDE
Order of mag- Approximate ;
Limit on e mitude of the {(Limit on i, annual number
CONDITIONS , accuracy of the| in degree ,of corrections
semimajor axis [ <
km
P, At 3.10 ° 2.2 0,008 70
P, At 4,107 2.7 0.01 50
2 2
1op, At | 30107 30 0.08 7

LINY

[N

If one wishes an estimate of the 11mits on e and'1 for a cube

{ﬁP A}t ‘Z or
' the cube {P .46 t

18

LY

\ L}
-

- of the toleranée with respect to this stationing point.

-4

1 y k At }, it is sufflcient to. -.multiply the limits for
by n or 1/k.

’
LI

The corrections in longitude are not functions of the réquirementé for

image restoration, but rather of the geographic position of the satellite and

From the experience of the Americans in this area, it seems to be .




Corrections in inclination are the most costly, and require gxpenditures
" of the order of 50 m/sec. per year in every case; only the annual number of

these corrections varies.,. .
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« CHAPTER II
LOCALIZATION

I. Introduction

In this chapter we wish to study methods for localizing a stationary .

" satellite, and the accuracy of restoration of its position. .

We have used a simplified force model to simulate the data and to
‘ process them. In fact, it is not necessary to use a complete model to see
; the influence of the different parameters, unless of course, one wishes to

examine the errors due to the model itself.

We have thus proceeded by comparing the restored position based on a

" group of "perfect" measurements, with that obtained from a group of simulated

. measurements containing a source of error.' The accuracy is characterized by

deviations in longitude [A¢/, in latitude AX!, and in altitude Ah, from the

' perfect trajectory.

L

! . (%
Among the various factors affecting the accuracy, we have examined the

.. influence: - .

L,
the stations,

-

. . B
"= of the accuracy.of knowledge of.the position of

-~ of noise and of bifses in the measurements.

Al

We are WOfking with measurements of distance and with angular measurements.

In restoring the position, it is also necessary to take into account the

: “i geometric position of the stations, and the frequency of the observationms.

¥

20



It was not possible to consider all configurations, and to tabulate the
“influence of eachparameter in every case. The data-processing method is now
available, and can be used eacﬁ time it 'will be necessary to study a

" particular case. -

Neverthelesé, we can draw some preliminary conclusions from the results
- already obtained. They are given for random and for systematic errors. It
can be affirmed that for different numerical values, the results can be derived
by a simple multiplicative coefficient. 4

nl

II. Method for Estimating‘the'Accuracy‘cf'dealization /12

L

-~

Simulation of the data was done by means of the program SIDOLA. The
~model of the terrestrial potential included only the first terms of the expan-— -
sion (out to Js). It is in fact unnecessary to take a developed force model
(Standard-Earth, lunar-solar effects, radiation pressure) to consider the

" influence of various sources of: error in the restoration of the trajectory.

A first group of data was thus created, and constitutes the "perféct"
.measurements. It was processed with a differential correction program (LIDO)
'which gave statements of the orbital parameters.

These statements were then used in the POSAT program, which gfves

x longitudes,,latitude;;,and'altitudes of " the satellite at regular intervals

" of time. These several parameters will be called the "nominal trajectory of the
. satellite". : ) ' | :

[ bl
-

i

The same sequence of processing was used for:
1) méasurementS'containing noise introduced by a subroutine which
generated pseudo-random numbers;
2) measurements containing both noise and a systematic error;

3) measurements. obtained by displacing the station.

21



2. Pattern of measurement

‘ In each of these cases, the statements allowed establishment of a
‘z.trajectory which, compared to the nominal trajectory, showed the effect of the:
source of error on the restoration of the position of the satellites.

I1I. Presentation of Results

1. Choice of numerical values

- The orbital parameters were chosen to place the satellite near the

" point with geographic coordinates: .

Y=0°, ' A=0° , ' 'n =35786 km
U - The stations, which arergOURpu'(KRU) and HAUTE-PROVENCE (HPL), were
- ' displaced 50 meters in longitude and latitude, and 20 meters in altitude:

&

| @ ase.2s  n e oo Y = 43°.932
" KRU| A =2529,805 °  HPL i | A =354°,287
' “h a 10 mdtres ’ h= 0,763 xm -

- In the case of a distance measurement, the noise and the sysfematic
BRI , . w
. error are 100 m. As for angular measurements, they are the cosines of angles-

_which have noise or bias of 2 x 1071, = . v , .

§’ C -

-

\

There are three sorts of simulation reIatiﬁé to the distribution of the

" ... measurements in- time.’ :
. . N %

22
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. ECase A

1 -

A group of measurements at intervals of one minute, and lasting for

a quarter-hour. We make use of one such group every four hours for
a period of four dayq;,
5Case B A group of measurements at intervals of one minute, and lasting
for a quarter-hour. We make use of one such group every 12 hours for
a period of 5 days.
TS
. Case C A group of measurements at intervals of two minutes, and lasting for
a half-hour. We make use of one such group every 24 hours for*a
z period of 8 days:
- Extrapolation will be made for: 1 day in Case A
v . ;1 2 days in Case B
3 days in Case C
- 3. Results
(see Table 4)
The results are presented in this table, with the various!gégggfindicated

.. by a numeral, as follows:

measurement gf distance from HPL, simulation A . A

‘measurement of distance from HPL, simulation B

measurement of distance from HPL, simulation C ,
‘angular measurements from HPL, simulation A ' - [14
angular measurements from HPL, simulation-B N

angular measurements plus distance_measureﬁegts‘from HPL, simulation B

angilar measurements from KRU, simulation A
-angular measurements from HPL, simulation A. This case is analogbus

‘to No. 4, but the processing by differential correction is different,

and resembles Case No. 7.

angular measurements from HPL and KRU, simulation A

23



In -the same table, we denote by:

Noise: deviations which introduce noise into the measurements (random

errors).

Noise + bias: deviations due to the presence of noise and of a systematic

error.

Stations Displaced: deviations produced by displacement of the station

during simulation.

'In each .Case studied, there are three numbers, which represent successive=
' : *

1y: : .

-~ deviation in latitude A¢ < R
-~ deviation in longitude AX
- deviation in altitude Ah

A¢p and AX are expressed in radiams.
A$, AX and Ah are the maximal deviations in one day if the simulation is of
type A, and in two days if it is of type B.

Figures 9, 10, 11, and 12 show that these deviations have periodic

behaviour.

vy

"IV, Analysis'of Various Factors Affecting Accuracy of

Localiza;ion .

\ v

1.  Geometrical coverage -

a) Geographic position of the station.

Cases 7 and 8 are identical with respect~to treatment: they refer to

angular measurements from stations KRU (Case 7) and HPL (Case 8).

24
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'In the study of the effect of noise and bias, a factor of two was

f[;f discovered in the restoration of position in longitude and latitude.

This could be interpreted by examining a cosine curve. A bias of

"32 X 10"4 in a cosine does not result in'the same bias for all angles. Now,

xwii;the‘cosines of the longitudinal positions are 0.87 and 0.76 for KRU and HPL,

‘Ei

_u respecﬁively. The bias introduced in the angle is thus larger for KRU than
. for HPL.

b) Number of tracking stations »

.

We have treated a case analogous to the two- preceding ones, but with: ﬂ~

' measurements from KRU and HPL used at the same time (Case 9). Station HPL
\'“j by itself would allow better restoration, The restoration produced by use of

| both stations together lies between those produced by their use separately.

This fact is not surprising, since unlike the situation with a low satellite,

“\" a single station provides complete orbital coverage for a stationary
- satellite. However, presence of several tracking stations would reveal

| systematic errors caused by ome. of their number.

L}

2. TForce model used

) o
A study already carried.out for the A.T.S. 3 satellite (JPL/JJ/GD/9.548/

| CB/MT) shows that "it is'the quality of the measurements and not the force

.model used which limits adjustment of the orbitgl parameters f;omffhé measﬁre;\

ments". ¢ *

-

A

The first"column of the table, called "extrapolation", includes to a

"~ certain extent the effect of the potential model on the localization. By

" treating only part of the measurements and extrapolating over an interval of /17

time, the orbital parameters which serve to restore the trajectory are
modified, and the deviations do indeed reflect the deviations of the model.

30



en

gmeters. It would be desirable to obtain improvement in knowledge of-the

ﬁ positions of the stations by a factor of five, using other programs.

Q 4, Type of measurements and accuracy

' obtained in Cases 1 and 4 (Table 5). = ° : '

 3.° Knowledge of the stations' positions

The error introduced by diéplacement of the stations is not negligible.
We have simulated the measurements by displacing the stations 50 m in
longitude and in latitude and 20 m in altitude, while retaining their former

" positions for the treatment.

For example, in Case 4, the error in longitude is of the order of 400

L

4.1 Two sorts of measurements have been used: distance and angular

' measurements.

The results obtained for distance are analogous to those obtained for

. angular measurements. This' may appear surprising,since the errors introduced
. are not compatable (100 m in distance and 2 x ]_0-4 in cosines of the angles).
- In reality, the angular measurements are composed of two angles, and thus offer

.f a greater diversity than the measurement of distance alome.

ah

As an example, wé:show'the ¢confidence limits for parameters a, e, and i

LI
e

4.2. Mixed measurements . -

We have attempted to simulate what would result from use of a self-

directing antenna by using one distance measurement and two*angular measurements

" from Haute-Provence (Case 6).
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Considering the nominal accuracy of the measurements, the results are

;indeed better than for Case 2 (distance alone) or for Case 5 (angles alone).

f_Cases 4 and-5.

: .5. ‘Rate of observation

Cases 1, 2, and 3 are distinguished only by the observation rate, as are:

It seems essential to have good coverage of the orbit, which -

requires several observations each day (> 3) for a stationary 24~hour satellite.

" In cases 2, 3, and 5, the same arcs of the orbit are always observed, and

 the adjustment occurs only on these arcs, which results in a degradation pof

“

the rest of the orbit.

s

' 6. Deviations in the orbital parameters

32

TABLE 5
, CASE 1 - DISTANCE CASE 4 ~ ANGULAR MEASUREMENTS
Noise + bias Stations Noise + bias Stations
. displaced displaced
.35 m 27 m 89 m 25 m
= -5 -6 . , -4 =6
0.13 x 10 0.99.x 10 0.13 x 10 / 0436 x 10
0.154 x 107 Yad | - 0.127 x 107% | 0.41 x 107 rad 011 x 107°
' g rad - o rad
)

In Table 6 is shown an example of the differences between the nominal

' measurements containing errors.

i

$

f

- orbital parameters obtained from "perfect" measurements, and those obtained from



Ae
Al

CASE 1

Noise + bias

Stations . Noise + bias "~ Stations
. .displaced EN . .displaced . .
7m 9m . 14 m 0
1.3 x 107° 7. x 107 1. x 1077 8. x 1078
-4 -6 ' -4 &6
8. x 10 = deg 4, x 10 ~ deg 3. x 10 ~ deg 3. x 10 ~ deg

i

It should not be forgotten that Case 4 deals with angular measurements,
There is thus a greater difference

" . and consequently with two measurements.

Hu‘than in Case 1, which deals only with measurement of distance.

Dr.

1.

2.

V. Remarks

The curves of Figures 9, 10, and 11 show the change with time of

~errors in 1ongitude, latitude, and altitude for several cases.

LR

We shall summarize here the results publiehed in an artigle of

Chreston and F. Martin:

. Synchronous Satellite Tracking".

L)

(Y ]
Y

;"Accuracytof‘Satellite@Orbits Obtainable by

[
y

The simultaneous measurements were of distance and “radial velocity.

" by three stations:

©.. two weeks,

~ good’ tracking geometry.

'évnff They assumed one observation every minute continuously for a period of

The stationary satellite was ‘located over the Atlantic and was tracked
Winkfield, Pretoria, and. MErritt Island.

they thus had a

33



The sources of error considered were:

15 meters in the three'cbmponeﬁts of the stations;

- noise of 1 meter in the distance;

noise of 0.2 cm/sec in the velocity;

bias of 5 ﬁeters in the distance.

The minimum precision with which the position of the satellite is re-
~ stored is given below: '
#
; g .

i - “latitude: : 5 meters

@. c1ongitude ¢ 125 meters

Ualtitude : 6 meters

The authors draw three conclusions from the study:

_ ~ The longitude component is the most poorly restored. The relationship
'-.5 of the errors corresponds in general to what we have found.

| - The effect of a bias of 5 meters in the measurements is of the same 120
" order of magnitude as that of an error of 15 meters in the position of the

stations. We likewise find equivalent orders of magnitude.

- The errors due to the position of the stations and to systematic errors

of measurement‘preabminafe. The contributions of noise and potential, model |
-are negligible. The fkgqﬁency and number, of measurements can reduce this

.

- contribution to the noise, and a better-developed model can be used if
' necessary. — o _— !
] -~

-

3, "Computer time" . .

[y

During this study we have never considered a "computer time" restriction.

. A first estimaté can,however, be made. -



Geometric localization with the aid, for example, of three distance

‘measurements from three stations made in a highly regular manner involves no

' significant computer time, and requires no extrapolation to have the position

-

_ of the satellite. ' ;

By using a differential correction program, the CDC 6600 computer would

- need about a quarter-hour per day to obtain a set of orbital parameters, and

a dozen minutes to dispose of the position of the satellite in increments of

- one minute for a period of 24 hours. On the other hand, if failure of a

_ speak, equivalent to that achieved during routine tracking. * f;

iy . -
.~ measurements (noise of 2 x 10

' to be improved by a factor of about two.

station should cause us to lack measurements, the orbital parameters would

.allow the position of the satellite to be deduced with an accuracy, so to

VI. Conclusion

In localization of a stationary satellite, the longitude is the most

difficult component to determine;- one can say that in general there is a

- factor of ten between the restoration of the latitude and that of the longitude.

Use of distance measurements (with noise of 100 m + bias of 100 m +

i uncertainty of 50 m in the position of the stations) gives knowledge of the /21

iongitude to about 8 km. The same order of magnitude is obtained by angular

4 + bias of 2 x 10_4 in the cosines of,the angles),

. gince there are in fact two measurements, and thus a greater dispersion.

[N
™ 4

Simultaneous use of these two methods of geasurement allows localization

-

-

1

The errors in the position of the stations must be taken into consider—

ation. Their effects can be reduced by a factor of two to five by special

. determination of the poéitions.

It is indispensable that the observationsi'be well-distributed in time to

assure a good coverage of the orbit.
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=

- one needs an orbit with eccentricity of 3 x 10_5 and inclination of 8 x 10

- - GENERALIZATIONS

122

In order to .obtain an image which would require no processing to be used;;

-3

[ degrees. Supposing that such an orbit could really‘Be obtained, and ignoring

the number of corrections required to maintain the position, in order to be
able to make indispensable trajectory corrections, it would be necessary fo

estimate the orbital elements to at least 10%, which gives: .

-6

e= 3x10 and i=8x 10-4 degree .

Use, for example, of a distance measurement from a single station,
containing a bias of 100 m permits such a level to be achieved if all other
sources of error are neglected. 1In particular, one would have to reduce

to a minimum, the error caused by lack of precision in the position of the

; stations. It is possible to know a station to about 5 meters by using the

| results of geodetic studies in progress or planned.

A

ijranslated for Goddard Space Flight Center, ‘under Contract No. NASw 2035

. by.SCITRAN, P. 0, Box -5456,.Santa Barbara, California, 93103u»“
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